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The rotational fine structure of the infra-red vibration bands expected for a rigid molecule is modified if free internal rotation of groups occurs. In particular, the spacing and substructure of Q branches in a perpendicular type band of a sym metrical top molecule is affected. The effect has been examined theoretically by Howard (1937) , and examples have been found experimentally with zinc dimethyl, mercury dimethyl and cadmium dimethyl by Boyd, Williams & Thompson (1950, 
I951)-
Free rotation in dimethyl acetylene was first suggested by Yost, Osborne & Gamer (1941) from a comparison of the measured specific heat with th a t calculated using the vibration frequencies determined by Crawford (1939) . We have now remeasured the entire vibrational spectrum using higher resolving power, so as to reveal the fine structure of several bands. The occurrence of free rotation has been confirmed and a more exact assignment of vibration frequencies has been made. E x p e r i m e n t a l m e t h o d Dimethyl acetylene was prepared by dropping 2 .3-dibromo-butane on to a solution of caustic potash in diethylene glycol (Yost et al. 1941) . The crude gas evolved was swept by a stream of nitrogen through ammoniacal silver nitrate to remove ethyl acetylene, and trapped at -60° C. This product appeared to contain a substantial amount of 1.2-butadiene. I t was fractionated twice in a vacuumjacketed column 2 ft. in length and packed with stainless steel gauze, a t the top of which was a metal finger maintained at 8 to 10° C, used as a condenser. The dis tilling flask was kept at 30 to 40° C. The first distillation was carried out at atmos pheric pressure, and a fraction boiling within 2°C was collected. The latter, still containing a little 1.2-butadiene, was redistilled slowly in vacuo, and the final sample was shown to be free from impurity by its infra-red spectrum and by mass spectrometric analysis.
The spectrum of the vapour was measured between 2 and on a Perkin Elmer 12C spectrometer using prisms of rock salt, lithium fluoride and potassium bromide. The absorption cell was 10 cm in length, and pressures 50 to 500 mm were used. The bands in the region of 3 ju,were also measured with high dispersion us spectrometer which has been described elsewhere (Miller & Thompson 1949 , Boyd & Thompson 1952 , Mills, Thompson & Williams 1953 .
R esults a nd discussion
(a) The vibrational spectrum B etter resolution was obtained than has been recorded previously and the positions of the bands are given in table 1. The bands a t 2973 1455 (p10) and 1054 (yn ) showed a well-resolved perpendicular type structure, discussed in detail below. There is Fermi resonance between the fundamental lying near 2910 cm-1 and the combination (^10 + ^14)5 causing a displacement of both bands, and a similar circumstance arises with the two pairs of Ram an intervals 693/774 and 2233/2310. Three fundamentals at 2938, 1152 and 1382 cm-1 show structure typical of parallel bands, the P and R maxima being in each case about 16 cm-1 apart. The im portant difference from Crawford's interpretation concerns the weak funda mental v% which is found at 1152 cm-1 rather than a t 1126 cm-1. The Raman interval 2233 cm-1 listed in table 2 must therefore be assigned to v2 and th a t at 2310 cm-1 to 2v8.
Table 1
Internal rotation in dimethyl acetylene p o s itio n (c m -1 ) in t e n s i ty t y p e a s s ig n m e n t, e tc . A normal co-ordinate treatm ent using the new assignment is being carried out, in connexion with measurements on the band intensities, to be reported later. Table 2 R a m a n in te r v a l (c m -1) in te n s ity a s s ig n m e n t Howard (1937) has suggested th at if free rotation of methyl groups occurs in molecules of this kind, the spacing of Q branches in a perpendicular type band should be twice th at for a rigid molecule, and this argument has been applied earlier to the results for ethane and the metal alkyls. There appear to be certain obscurities in Howard's treatment, however, and Professor M. H. L. Pryce, F.R.S., has kindly reconsidered the theoretical problem for us, and we are indebted to him for the following results.
I. M. Mills and H. W. Thompson
The molecule is regarded as a symmetrical top of point group D'3h, with no interaction between the methyl groups, so th at the axial angular momentum is conserved separately in each end. Two vibrations which differ only in being sym metrical or antisymmetrical to the central plane of symmetry are degenerate. The numerical values found for the vibration frequencies of dimethyl acetylene suggest th at this condition applies closely for the pairs (r9, r 13), (v10, pu ) and reasonably well for ("u> Let IB -the moment of inertia about an axis perpendicular to the axis of the 0-C bonds; IA = the axial moment of inertia of a single CH3 group about the C-C-C-C axis; IA -2 IA -the axial moment of inertia of the whole molecule.
Let £l5 7jx be a pair of degenerate normal co-ordinates in the end 1 of the molecule, and £2, V2 hi the end 2. Also let 6, (f), i/rv \J/2 be the rotational co-ordinates of the molecule in the conventional notation, suffixes 1 and 2 referring to the two ends of the molecule. The rotational energy is then given bŷ
I f the degenerate vibration associated with 7/ x is excited there is a resulting vibrational angular momentum of magnitude ~ in which £, the Coriolis coupling factor, is a function of the form of the normal co-ordinate concerned (Boyd & Longuet-Higgins 1951) . Thus, the momenta conjugate to the co-ordinates and x j r2 are given by 
Ml
The proper values for the energy levels can then be obtained by writing,
and (£iVi~Vi£i) * = Thus In order to predict the relative intensities of the Q branches and the actual appearance of the band, it is finally necessary to calculate the spin statistical weights of the various rotational levels and their corresponding non-combining species. The results found by Wilson (1938) for ethane assuming free internal rotation are
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F ig u r e 1. P r e d ic te d s t r u c tu r e o f a p e r p e n d ic u la r ty p e f u n d a m e n ta l in d im e th y l a c e ty le n e a s s u m in g fre e r o t a ti o n .
directly applicable here. The symmetry of the internal wave function may be characterized according to the rotational subgroup C6, and the classes with their corresponding statistical weights for various values of K are given in table 3. Using these statistical weights and a Boltzmann factor calculated from the energy levels, the relative intensities of the various Q branches can be calculated, and figure 1 shows the appearance of the band. Each line represents the Q branch of a series, no account being taken of second-order vibration-rotation interactions. The band is analyzed into some of the individual K transitions, for each of which a number of lines occur corresponding to different K ' transitions. The estimated intensities are based only on the numbers of molecules in the initial level of each transition, and are calculated on the assumption th a t A = 2A ' -5-3 cm-1. The perpendicular type band is thus seen to consist of 'ap p aren t' Q branches, every third being relatively stronger, the spacing being '(1 -£) -J3}. Each of the ' apparent ' Q branches will in fact consist of true Q branches separated at intervals of 2 B ,with every third component relatively intense, and this will give the appearance of submaxima if the resolution is not complete. However, since the spacing of the substructure is 2 B ,which in the present case is width of each Q branch, the substructure may not be resolvable in principle.
(c) The observed rotational structure
The absorption spectrum between 2000 and 3100 cm-1 was measured with the grating spectrometer. Although the P and R branch maxima were clearly separated, no fine structure could be resolved in the parallel type bands, but with such a large moment of inertia this was hardly to be expected.
The perpendicular type band v9 at 2975 cm-1 shown in figure 2 (a and b) was resolved into a series of broad Q branches, the main members of which are fisted in table 4. Many of these have the appearance of groups of submaxima such as might arise from the circumstances described in the preceding section, but closer examina tion of the whole series with special regard to the alternations of intensity suggests th a t a t least two bands are superposed, one (v9) centred around 2975 cm-1 and the other near 3025 cm-1. The latter band is probably due to a ' hot ' transition from a level of very low frequency, the intensity of which would be almost as high as th at of the fundamental. The main set of Q branches for can be represented by the formula " = 2977 + 9-275m-0*016m2, in which m -0 for the central strong member. The term in m2 arises from the chang in moment of inertia in the different combining levels, which was not taken into account in the theoretical treatm ent above. The spacing of the Q branches agrees with th a t to be expected for free internal rotation. According to the above equations, 2{2A'(1 -Q -B ) = 9-27 and y0 + A ( l -£ ) 2~£ = 2977.
Internal rotation in dimethyl acetylene
Assuming for the C-C bond lengths the same values as in methyl acetylene (Trambarulo & Gordy 1950) , A = 5*3 cm-1, A ' -2-65 cm whence £9 = 0-11 and v0 -2973 cm-1. This value of £ is in good accord with others found for similar C-H vibrations. If the molecule were rigid, we should obtain 2{A'(\ -Q -B) -9*27 and £ = -0-8, which would be quite inconsistent with the type of vibration concerned. Also, the sharp Q branch of the parallel type funda mental r6 is in marked contrast with the broad appearance of the Q branches of the perpendicular type band v9, suggesting th a t the latter have, i substructure.
The perpendicular band near 1450 cm-1 shown in figure 2 c consists of a series of broad Q branches, listed in table 5, in which there are obvious alternations of intensity, but anomalies in the latter suggest again th at there is at least one over lapping 'h o t' transition. The observed absorption maxima have been separated into two sets, each having a mean spacing close to 13*3 cm-1. Then for r 10, 2{2A'(1 -Q -B } = 13-3 cm-1, whence £10 --0*28, and making the most plausible assignment of the band centre, v0 + A( 1 -from which v0 = 1456 cm-1. In methyl acetylene (Boyd & Thompson 1952 ) the corresponding vibration frequency is 1452 cm-1, and the similar E" mode of dimethyl acetylene found in the Ram an spectrum lies a t 1448 cm-1. Again, this value of £ is in good accord with the value found for f7 of methyl acetylene, but if the molecule were assumed to be rigid an impossible value would arise. A m eth o d is described for th e sy n th esis o f linear block copolym ers. T he p rinciple o f th e m eth o d is to s ta r t off poly m erizatio n o f a v in y l com pound in a sy stem in w hich th e liquid flows dow n a capillary tu b e a t a re g u lated ra te . In itia tio n o f th e reactio n is m ade a t a fixed p o in t in th e capillary tu b e , an d th e rad icals so form ed are allowed to grow u n til a specified size is reached. These radicals are th e n allow ed to flow in to a large excess o f a n o th e r m onom er in w hich new en v iro n m en t po ly m erizatio n is com pleted so th a t one h a lf o f th e m olecule is synthesized in th e capillary a n d th e o th e r in th e receiver a tta c h e d to th a t capillary. T he system s stu d ied are b u ty la c ry la te -sty re n e a n d acry lo n itrile-sty ren e. I n order to achieve th e sy n th esis o f reasonable am o u n ts of m a te ria l for e x am in atio n a special a p p a ra tu s has been designed to in itia te p o ly m erizatio n photo ch em ically a t ex trem ely high rates. T his is done b y illu m in atin g a 1 m m cap illary tu b e b y m eans o f a specially designed elliptical reflector from a cap illary m ercu ry arc lam p. T he lam p a n d th e cap illary are a t th e tw o foci of th e ellipse. B y using th is a rra n g e m e n t rad ical co n cen tratio n s 10000 tim es g reater th a n th a t no rm ally achieved h av e been o b tain ed , a n d m eth o d s hav e been developed to d em o n strate th a t it is possible to arran g e m a tte rs to h av e a solu tio n o f p o ly m er radicals in m onom er issuing from th e cap illary tu b e . T he kin etics o f re actio n in a flow sy stem h av e been w orked o u t, a n d in cid en tally th e m e th o d provides a n ad d itio n a l m ean s w hereb y th e absolute velocity coefficients o f rad ical poly m erizatio n can be d eterm in ed .
I n t r o d u c t i o n
In attem pts to find new kinds of macromolecules, interest has recently centred on linear block copolymers, th a t is, non-random copolymers. As compared with random copolymers the units comprising the copolymer are segregated in different parts of the same molecule. I t is to be expected th at such molecules will behave differently from random copolymers on the one hand and mixtures of pure polymers of the units used for the copolymer synthesis on the other. Very few methods have so far been described for the synthesis of block copolymers. The present paper describes a flow method in which part of the synthesis of a molecule is accomplished in one
